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THE AJ'INO-ACID CONTENT OF CORN AND TANKAGE
Of the five general classes of food nutrients, the proteins are attracting
more and more attention and are being made the subject of numberless investigations
As a class the proteins are substances of extreme complexity in chemical composi-
tion, are widely different from one another in structure, and many of them are wide
ly different in nutritive value. They consist essentially of combinations of amin i
acids, but when it is remembered that seventeen different amino acids are known to
occur in protein molecules in different combinations and in different proportions,
and that these seventeen amino acids are not definitely known to be convertible irt
i
one another under physiological conditions, it is evident that different proteins,
containing different amino acids or the same amino acids in different proportions,
may have markedly different functions in nutrition.
The proteins are reduced during digestion to amino acids and the work of Berg-
1 ,» g
nannj Howell, and Folin and Denis would indicate that they are absorbed into the
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blood and are used directly for cell repair and protein synthesis.
Since the amino acids are the protein derivatives directly concerned in nutri-
tion and since the individual amino acids have, in ail probability, widely differ-
ent nutritive values and physiological effects, it seems at present that investiga-
tion should snift from proteins to amino acids. That this is the tendency is shov. i
by the following, quoted from Osborne and Mendel: "The current trend of the inves-
4.
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2tigation of the chemistry of nutrition is emphasizing the significance of the amine
acids as the fundamental factors in the problems in which hitherto the role of pro-
teins has been involved. The remarkable success which has attended the efforts t(
supplant completely the oroteins in the food intake by their ultimate products of
hydrolysis— so-called amino acid "Bausteine"--has led to promising researches in
which these food fragments have been followed beyond the alimentary barrier into
the blood stream to the tissues and almost to their final destruction in the body.
The question of protein synthesis now becomes a problem of the biochemical deport-
ment of amino acids."
l
Along the same line, E. F. Armstrong says: "It remains now for the physio-
l
Chern. News, 100, pp. 151-152 ( 1909)
logist and chemist to solve such problems as the -precise functions and significance
of each amino acid in metabolism, how far they may replace one another or may be
absent altogether without injurious effects; further to what extent each is con-
cerned in the maintenance of a particular tissue."
Since the importance of the amino acids in nutrition is thus being emphasized,
this investigation was undertaken with the object of determining quantitatively the
amino-acid content of feedings tuff s
.
It is evident that such an investigation will be of little or no value unless
it is found or has been found by other experiments that the individual amino acids,
or at least some of the individual amino acids, are strikingly different in nutri-
tive function. Evidence is rabidly increasing along this line.
Levene and Kober, and Levene and Lleyer have shown that the different amino aci s
are absorbed and deaminized at different rates, and that varying percentages of
their total nitrogen are excreted in the form of urea.
The metabolism of the different classes of amino acids is different due to
their marked differences in chemical structure.
Daxin's "onograph on Oxidations and Reductions in the Animal Body.

1F. G-owinnd Hopkins says that the ten or twelve years work on protein carriec
l
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out by Emil Fischer and his school, as well as by others, has made it clear that tjjie
term covers a multitude of substances which, however closely related, differ so
considerably that they must have different values for the animal body.
Osoorne and Mendel set forth the following facts:
g
Jour, of Biol. Chem. XII, p. '+73, 1912.
(1) It is impossible experimentally to sustain life with a diet in which gel
atin, an inadequate protein, forms the sole source of nitrogenous intake. Gela-
tin contains no tyrosine nor tryptophane, two of the characteristic amino acids
of the protein molecule.
(2) Zein, the principle protein of corn, is known to be insufficient for
maintenance or for growth. It contains no glycine, tryptophane, nor lysine.
(3) Gliadin, one of the proteins of wheat; and hordein, one of the proteins
of barley, are sufficient for naintenance but not for growth. These proteins
contain no glycine nor lysine.
(U) Casein contains no glycine but it does contain all of the amino acids
now known to be characteristic ingredients of the protein molecule.
Glycine can in all probability be synthesized by the animal body, so its ab-
sence in a feed is not necessarily important.
In an attempt to determine the specific function of so^e of the amino acids,
OsDorr.e and Mendel obtained some very interesting results by supplementing pro-
Jour, of Biol. Chem. XVII, p. 325, 19 14.
teins deficient in certain amino acids with the amino acids or with other proteins
relatively high in content of the amino acids in question. These facts are em-
phasized:

(1) "Fo amount of energy or nrotein, however abundant, has induced growth in
our animals in the absence of lysine".
(?) "The animal organism apparently cannot synthesize lysine, which is evident
ly not essential for maintenance in the sense of preservation of body weight."
(3) "It is obvious that the possibility of growth must be limited, among other
things, by the amount of lysine available."
(•+) Zein + tryptophane + lysine, or proteins containing these amino acids in
sufficient amounts, were efficient for normal maintenance and growth; however if th
tryptophane and lysine were removed from the diet, maintenance and growth ceased
immediately
.
(5) "Obviously the relative values of the different proteins in nutrition are
based upon their content of those special amino acids which cannot be synthesized
in the animal body, and v.iich are indespensible for certain distinct, as yet not
clearly defined processes which we express as maintenance or repair."
All this evidence shows that for the future we must define an efficient proteii
supply in terms of quality as well as quantity. A complete knowledge of the nu-
tritive value of a feedingstuff of a ration must include: a knowledge of the kinds
and quantities of the amino acids into which its proteins are resolved on complete
digestion; a knowledge of the nutritive value of the different amino acids; a knowl
edge of the amino acid requirement for maintenance, for growth, for milk production
and for muscular work; and a knowledge of the influence of the amino acids ingested
on the energy requirements.
Since the trend of investigation is swinging from proteins to amino acids and
since the evidence is rapidly increasing on the nutritive functions of the amino
acids, we have attempted to apply the Van Slyke methods, for the quantitative de-
termination of amino acids, to feedingstuff s direct. At present the quantitative
amino-acid content of the mixed proteins of our feedingstuff s is entirely unknown*
True there are studies relating to the amino-acid content of isolated proteins, and
these studies are of fundamental importance in revealing the character of the chem-

ical processes involved in nutrition and in determining the nutritive value of the
different proteins, but the analyses of isolated proteins are at present of no
value in determining the amino-acid content of feedingstuff s for two reasons: firs
all of tne proteins of any one of our common feedingstuff s , with the possible ex-
ception of milk, have not been isolated in a Dure state; and second, there are no
met-iods available for the quantitative separation and determination of the protein,
of feedings tuffs a ltho some of the main proteins of a number of the feedingstuff
s
have been qualitatively separated.
T. B. Osborne has clearly pointed out that it is quite important for us to
know, finally, if possible, the proportion of each type of protein contained in
feedings tuffs, yet this is probably not so essential as a knowledge of the amino-
acid content since the nutritive value of the mixed proteins of feedingstuffs is
ultimately determined by their amino-acid content and not by the proportion of the
various proteins which they contain. If this amino-acid content can be determinec
without first isolating and purifying the proteins of feedingstuff s, the desired
information can be obtained much more readily.
The data obtained by an investigation of the amino-acid content of feeding-
stuffs direct will make it possible to extend our present knowledge of feedingstuf: s
and nutrition along the following lines:
First, it will be possible to calculate balanced rations from the standpoint
of their amino-acid content, that will be efficient for the maintenance, the growt]
and the fattening of farm animals.
Second, the results of past and future feeding experiments may be interpreted
more satisfactorily.
Third, with the help of recent and fast a ccumulating results as to the nutri-
tive value of amino acids, it should be possible to evolve a new method for the
economic and nutritive valuation of the common feedingstuff s
.
Fourth, it will be possible to plan and to make feeding experiments with farm
animals with the natural mixtures of proteins as they occur in common feedingstuff
s
v
..j c?. v.-;n aid in tne determination of the relative efficiency of the proteins of

different feedingstuff s for the maintenance, the growth, and the fattening of farm
animals
.
Van Slyke and other investigators have obtained very satisfactory results by
the use of the Van SlyTee method in the determination of the chemical groups charac-
teristic of the different amine acids in proteins. All this work has been done
upon isolated proteins or mixtures of pure proteins. In attempting to apply the
methods to feedingstuff s , our problem was to find out whether or not the substances
otiier than proteins in the feedingstuf f s w ould interfere with the several determin-
ations* The methods were followed in detail with the exception that the quantitie
of the feedingstuffs taken for hydrolysis have necessarily been larger than the
amounts of protein material used by Van Slyke.
There are two other methods of importance for the separation and the deter-
mination of amino acids. One of these, a modified and extended Fischer esterifi-
catiori method, is for the separation of the monoamino acids; the other, a modified
l
Kossel and Kutscher method, is for the determination of the diamino acids. Both
l
The Chemical Constitution of the Proteins. Part I. R. H. Aders Plimmer , D.Sc
methods are so long and technical that a short description is impossible.
These methods as outlined are unsatisfactory for our purpose for the following
reasons
:
First, they are so complicated that the manipulations are too difficult, the
determinations take too long, and the number and amounts of chemicals and apparatus
required make the process too expensive, especially when a simpler method can be
applied.
Second, the two methods cannot be run satisfactorily on the same sample. The
diamino acids can be determined in 25-50 grama of protein with considerable accur-
acy, whereas the monoamino acids can only be determined with fair accuracy in 250-
500 grams of protein. These amounts are far too large for the application of these
methods to feedings tuffs*
Tain:, the results, especially for the !;;ono?i.dno acids, are not o uant i dative*

T ,
In most oases only 50-70 percent of the protein could be accounted for, and this
deficiency was due almost entirely to losses incurred in the isolation and the puri •
fying of the amino acids rather than to new units as confirmatory investigations by
Osborne and Jones have proved.
In a great many cases these methods are the only ones available for the iso-
lation of individual amino acids, but our problem resolved itself into the determin-
ation of characteristic amino-acid groups rather than individuals except in the
case of taa diamino acids.
The Van Slyke method showed the greatest promise of success. In the case of
the diamino acids, the principles of the Kossel and Kutscher method, are made use
of by Van Slyke. This method is neither complicated, expensive, nor long, st
least wnen compared with the otner metnods; all determinations can be uada on one
sample containing approximately three grams of protein; and the results are quanti-
tative, Van Slyke working with isolated proteins or mixtures of isolated proteins
has, in most cases, accounted for more than 99 percent of the total protein.
There are limitations to the Van Slyke luethod, however. The chief objection
is that it does not give the complete analysis of the protein. Out of a possible
ei c;hteen, seven determinations are obtained. The following table shows just what
determinations are possible.
I. Amide nitrogen (ammonia)
II. Diamino nitrogen and cystine nitrogen.
a. Cystine is deterx-dned by sulfur content. It contains only amino
nitrogen.
b. Lysine is determined by difference. It contains only amino nitrogen.
c. Arginine evolves 1-2 of its N. as NH3 by boiling with alkali. It con-
tains 3-^ of its N. in aon-amino form.
d. Histidine is determined by differerce. It contains 2-3 of its N. in
non-amino form.
III. iicnoamino nitrogen.
Glycine, alanine, valine, leucine, isoleucine, phenylalanine, tyrosine
;
aspartic acid, glutamic acid, and tryptophane (1-2)
IV. Non-amino nitrogen.
Proline, oxyproline, and tryptophane (1-2)

It is unfortunate thnt the tryptophane content cannot be determined individu-
ally, since the importance of this amino acid for maintenance is being so much
GOB has ized by feeding experiments.
DESCRIPTION OF THE VAN SLYKE METHOD
The Van Slyke method as given in the Journal of Biological Chemistry, Volume
10, Pages 15 to 55 (1911-12) and Volume 12, Pages 275 to 2SH (1912) was used with
only slight modifications. The detailed procedures of the method followed in this
work are given below.
I. ANALYSIS OF TANKAGE
THE HYDROLYSIS. Weigh off 10 grama (containing about 6.0 grams of protein)
of the tankage. Transfer to Soxhlet extractor and extract with dry ether for kg
hours. Completely remove the ether. Transfer the fat-free tankage to a 500 cc.
Kjeldahl flask and add 200 cc. of 20 precent hydrochloric acid. Weigh the flask
and contents. Boil under a reflux condenser. At intervals of eight hours the
hydrolysis is stopped, the solution oooled, and portions of 2 cc. are removed with
a pipette.
These portions are diluted to 10 cc. and used for the determination of the
amino nitrogen by the apparatus of Van Slyke. The different determinations of
the series should all be run under the same conditions, as otherwise the ammonia
from the amino nitrogen might cause an error in the determination. Ordinarily
it is most satisfactory to run all the determinations 6 minutes, the solutions
of amino-acids and nitrous acid being mixed and allowed to stand for 5 minutes,
then shaken for one minute. Under these conditions, room temperature being fair-
o
ly constant, the same proportion of the ammonia (15-20 percent at 20 ) is decom-
posed in eaoh case.
After removal of each portion for the amino-acid determination, the flask in
wnich the hydrolysis is performed is weighed} and the weight is again taken, after
the . . been continued 6 to Z nours longer, before the next sample is

withdrawn. These weights serve to detedt concentration of the solution by loss of
vapor. In case such concentration occurs, a correction for the percentage of
volurae decrease of the solution is made. The hydrolysis is continued until the
amino nitrogen becomes constant. This shows when the hydrolysis is complete, and
enables one to avoid the errors, which as Osborne has shown, may result from incom-
plete hydrolysis. (For example of this method of following the hydrolysis, see
Van Slyke's gliadin analysis, Journ. Biol. Chem. Vol. 10, Pp. if3 1911).
THE DETERMINATION OF AMMONIA (AMIS NITROSEN). The solution of hydrolyzed pro
tein is placed in a small double-necked distilling flask, and concentrated under-
diminished pressure until all the hydrochloric acid possible has been driven off.
The residue is taken up with warm water, and the solution is transferred to a
measuring riask of 250 cc. capacity. Aliquot portions of 10 cc. each in duplicate
are withdrawn and used for Kjeldahl analyses, which give the total nitrogen, on the
basis of wnich the other determinations are calculated.
For the determination of the anaemia arrange a one-liter, double-necked dis-
tilling flask, an ordinary one-liter distilling flask, and a 200 cc. distilling
flask as shown by Van Rlyke, Fig. 1, Journ. Biol. Chem. Vol. 10, Pp. 21. As in-
dicator in the N-10 acid, alizarine sulfonate is used. Use aliquot portions of
100 cc. each to determine the ammonia. One 100 cc. portion containing about 2.5
grams of hydrolyzed protein, is placed in the double-necked flask and diluted to
about 200 cc. One hundred cubic centimeters of alcohol, to prevent foaming during
distillation, is added, then a 10 percent suspension of calcium hydrate until a
slight excess is present, as shown by the turbidity and alkaline reaction of the
solution. The apparatus is then joined together as siiown in the figure and evacu-
ated to a pressure of 30 mm. or less. The Claissen flask is then placed in a bath
at '45-50
,
and tae solution distilled for a half-hour. In case distillation starts
too rapidly, a little air is let in from the stop-cock in one neck of the Claissen
iU&H*, V.'hen the distillation is finished, the flask is lifted from the water bath,
and the vacuu is released by opening tMe stop-cock. The N-10 acid from the re-

in
ceiving flask and the smaller guard flaai is washed into a half liter beaker or
Erlenmeyer and titrated back with N-10 NaOH. The amount of N-10 acid in the larg-
er flask is usually 30 cc. wheal an animal protein is being analyzed, 60 cc. when
the protein is to plant origin, as some plant proteins yield much ammonia.
MELANIN NITROGEN. During the distillation all of the black coloring matter
or melanin, which is formed during the hydrolysis of proteins, is absorbed by the
undissolved lime. The latter is filtered off on a folded filter and washed with
ammonia-free water until the washings come free of chloride. The precipitate and
paper are then submitted to Kjeldahl analysis, using 35 cc. of sulphuric acid to
digest the large amount of organic matter in the paper. In this determination,
as in the ammonia distillation, the lime performs the function of the magnesia in
the nitrogen distribution method of Osborne and Harris (Journ. Amer. Cham* Soc.
Vol. 25, ?p. 523).
PRECIPITATION, WASHING, AND REDISSOLVING OF THE BASES (CYSTINE, LYSINE, AR-
GININE, AND HISTIDINE). The filtrate from the melanin is neutralized with hydro-
chloric acid, returned to the vacuum distilling flask, and concentrated to about 10C
cc. It is then washed into a 200 cc. Erlenmeyer, and IS cc. of concentrated hydro-
chloric acid and a solution containing 15 grams of phosphotungstic acid are added.
(The phosphotungstic acid used in the precipitation and in the washing solution
must be purified by shaking with ether and water after the method of Winterstein
given below). The entire solution is then diluted with water up to 200 cc. and
heated in a water bath until the precipitate of the bases is nearly or quite dis-
solved. The bases reprecipitate on cooling as crystalline or granular phospho-
tungstates which can be readily washed and filtered. The above conditions of pre-
cipitation are practically those of Osborne and Harris, with:the exception that, in
order to avoid precipitation of calcium sulfate, hydrochloric acid is used here in-
stead of sulfuric. The solution is allowed to stand forty-eight hours for the pre-
cipitate to form; for in less time the precipitation of histidine may be incomplete,
It is necessary that the phosahotungstic precipitate shall be washed entirely
free of the mother liquors and the amino-acids of the unprecipitatai fraction. It

is also necessary that aa 80a11 an amount of the washing solution as possible shal]
be used, in order that the precipitate, which is slightly soluble in the washing
solution, shall not dissolve to an appreciable extent during the washing. These
requirement a are met by the following technique, which permita the quantitative
washing of the precipitate with 100-200 cc. of solution, and without dissolving
appreciable amounts*
A HARDENED filter paper is cut to the proper size to fit accurately against
both the bottom and side walls of the 3-inch Buchner funnel. The part of the
filter paper which lies against the side walls of the funnel is folded in about
twenty plaits, so that it fits the wall snugly all the way around. In to the poc-
ket thus formed by the filter paper the precipitate is poured, and the mother liquo
are drawn off as completely as possible by suction, the precipitate being pressed
down by a flattened rod. The filtrate is transfered from the suction flask to a
beaker.
Onto the precipitate in the funnel are poured 10-12 cc. of a washing solution
containing 2.5 percent phosphotungstie acid and 3.5 percent of hydrochloric acid,
and the precipitate and solutioi are stirred up together until a smooth suspension
is formed. Care must be taken that all the lumps are broken up, and the precipi-
tate completely reduced to a granular suspension. It is then suoked dry, as befor
The washing in this manner is repeated until the filtrate comes free of cal-
cium, frui . eight to fifteen washings being required, according to the bulk of the
precipitate. The first three or four portions of washing solution are used to
dislodge the Inst granules of the precipitate from the flask in which the latter
forme^.. The succeeding portions are added from a wash bottle or pipette in a
fine stream around the edge of the filter paper, so that the latter is washed from
the edge downwards ground its entire circumference. In case the first four wash-
ings leave a few granules of the precipitate still in the flask, they are allowed
to remain there, as they are already sufficiently washed, and the subsequent por-
tions of the washing t-olution are used to wash the filter paper as well as the pre-
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cipitate, in the manner just described. In case thelater washings run thru some-
what turbid, as is often the case, they are filtered thru a small folded filter be
fore being combined with the main filtrate.
In testing the washings for calcium, a solution of oxalic acid in 3 percent
sodium hydrate is used. To about 1 cc. of this solution one adds two or three dro
of the filtrate, and shakes slightly until the upper layer, where the filtrate re-
mains, becomes alkaline. The washings a re continued until a sample of the filtrat
ives no trace of turbidity after standing several minutes with the oxalate solutio 1
The washing being finished, the precipitate is removed as completely as poss-
ible by means of a spatula and a wash bottle with distilled water, to a beaker hold
ing more than a liter. When the precipitate has been removed as completely as pos
sible by meclianical means, the filter paper is spread out in the bottom of a dish a
washed with water made alkaline by audition of a few drops of 20 percent sodium hy-
drate. This dissolves the portions of precipitate imbedded in the fibers of the
filter paper. The small folded filter paper used for the filtration of the later
washings is similarly freed of adherent precipitate. Also, in case any granules
of the precipitate have remained in the flask in which, the precipitate originally
formed, these are either washed or dissolved out, and added to the other portions
in the large beaker. To the suspension therein one adds a few drops of phenol-
phtalein solution, then 50 percent NaOH solution drop by drop, with stirring. As
soon as the solution becomes red, addition of the alkali is discontinued until the
color- fades again. All of the precipitate is soon brought into solution in this
manner The solution must be red at the end, but must not contain more than three
or four drops of alkali in excess of the amount required to neutralize it. Great-
er excess of alkali is to be avoided because of the sensitiveness to it of cystine
and arginine.
The solution is diluted to about £00 cc, and a 20 percent solution of crystal
line barium chloride is added in portions of a few cubic centimeters each, until a
test with neutral sodium sulphate solution shows the nresence of an excess of barium
d
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above the amount required to precipitate the phos:>hotungstic acid. In case the
solution loses its reel color during the rrecipitat ion, two or three drops more of
th<? alkali solution are added, as the precipitation is not satisfactory unless the
solution is slightly alkaline. The barium: chloride solution must be added until
the teat results in an immediate granular precipitate of barium sulfate. A de-
tect lble turbidity can be obtained before enough barium chloride has been added to
c i.-~e the -reei^itation of the phosphotungstate • Oi the Dther band, more bantmi
chloride than a few cubic centimeters excess is to be avoided, as a large excess of
barium causes disagreeable bumping when the solution is boiled later in the arginine
determination. The dilution which is directed before precipitation is necessary in
order to avoid appreciable loss of the bases thru adsorption by the barium phospho-
tungstate.
The precipitate of barium phosphotungstate is filtered and washed with water,
the filtration and washing being performed in the manner described for the phospho-
tungstates of the bases, except that such small portions of wash water do not need
to be used. The same funnel and piece of hardened filter paper can usually be used
to —vantage for both filtrations. The washing is continued until the filtrate
oome8 free of cnloride. The filtrate is concentrated in vacuo in the same double-
necked distilling flask used for the determination of amid nitrogen, the concentra-
tion being continued until the volume of the solution is reduced to about 50 cc.
During the concentration, a small amount of barium phosphotungstate which was not
precipitated at first separates from the solution. The latter is filtered into a
ZOO cc. double-necked distilling flask, the filter being washed with water until
chloride free. The solution is then concentrated, and transferred to a 50 cc.
measuring flask.
PURIFICATION OF PHOSPHOTTMjSTIC ACID BY THE METHOD OF WINTERSTEIN. The phos-
paoturustic acid is ruboed up with water into a thick paste, placed in a separating
funnel and treated With small quantities of concentrated hydrochloric acid. Ether
is added and the mixture well shaken. At first an emulsion is formed, but on add-
-
I'f
ins BOiOBWhat ! ore ether and a little acid and thoroly slinking a clear ethereal so-
lution of pnosrhotungstic acid settles to the bottom; if this does not occur more
acid must be added and the shaking repeated. Draw off the lower transparent solu-
tion of phosphotungstio acid in ether. The other layers are treated once more in
the same way. Combine the etiier solutions with drawn and allow them to evaporate
spontaneously when crystals of the purified phosphotungstio acid should be obtained ,
Save all the liquors from which more phosphotungstio acid may be recovered later.
DETERMINATION OF ARGININE. The determination of arginine is based on the
fact, first noted by Osborne, Leavenworth, and Brantlecht, that arginine, when
boiled with dilute alkali evolves half of its nitrogen in the form of ammonia. The
explanation of the reaction is that, as shown oy Echulze and Winterstein, arginine
when heated with alkaline solutions decomposes into one molecule each of urea and
ornithine. The urea then is decomposed into ammonia. Under the conditions des-
cribed below the reaction is quantitative.
Of the 50 cc. of solution containing the bases, 25 cc. are placed in the 200
cc. Jena Kjeldahl flask of the apparatus shown in Fig. 2. Journ. Biol. Chein. Vol.
10 3 Page 26. The Folin bulbs at the top of the condenser of the apparatus are
connected with the condensing tube by a ground glass joint, as shown in the figure,
or by a very heavy piece of ruboer tubing, which is less convenient but equally
efficient. In the Folin tubes one places 15 cc. of N-10 acid, with alizarin sul-
fonate as indicator. To the solution in the flask one adds 12.5 grair.s of solid
KOH, and a bit of porous porcelain to prevent bumping. Tae solution is then bailee
gently for exactly 6 hours. At the end of this time the Folin tube is discon-
nected from the condenser, and thru the latter 100 cc. of water are poured into the
Kjeldehl flask. The solution in the flask contains a slight amount of ammonia,
altho the greater part diffuses up into the Folin bulbs during the 6 hours boiling,
and is absorbed by the acid. In order to obtain also the small amount remaining
in the flask, the latter is connected with the condenser of an ordinary Kjeldahl
still and the amaonia driven off in the customary manner. The receiver contains
)
1*
the aoid from the Folin bulbs, so that all the ammonia from the arginine determina-
tion is collected in one solution of N-10 acid. Care must be taken that no more t|an
100 cc. of water is boiled off during distillation; for the alkaline solution be-
comes too concentrated other decomposition besides the desired one will result.
The excess of N-10 acid in the receiver is titrated back as usual. Each cubic
centimeter neutralized by the ammonia indicates 0.002& gram of arginine nitrogen
in the solution decomposed, or 0.0056 gram in the total solution of the bases. In
cr.se cystine is present, IS percent of its nitrogen is evolved as ammonia during
the arginine determination, and a corresponding correction to the arginine figures
must be made. The correction is, however, practically negligible with all ordinary
proteins except the keratins. As the behavior of the cystine under the conditions
of the determination is quite constant, tne accuracy of the arginine determination
is not seriously affected even in analysis of the keratins. The cystine determin-
ation, from which the correction can be accurately made, is described below.
The 200 cc. Kjeldahl flasks should not be used for more than two or three ar-
;inine determinations', as the glass is attacked by the strong alkali. Unfortunate-
ly* copper flasks cannot be used because of the effect of the copper in oxidizing
the cystine present.
DETERMINATION OF THE TOTAL NITROGEN OF THE BASES. The solution used for the
arginine determination is transferred from the 200 cc . Kjeldahl flask to one of
500 cc. Thirty-five cubic centimeters of concentrated sulfuric acid are cautious-
ly added, with cooling, and 0.25 gram of copper sulfate. The solution is then di
gested as in an ordinary Kjeldahl determination, and its nitrogen content determine
The cubic centimeters of N-10 acid neutralized in this determination are added to
those neutralized in the arginine determination. The sum multiplied by 0.002&
gives the total nitrogen content of the bases. The use of the same portion of
solution for the determinations of both arginine and total nitrogen of the bases
permits or.e to use half the solution for them, and obtain each more accurately
than would be possible if separate and smaller portions were used for each determin
r,
16
at ion.
DETERIORATION OF CYSTINE. The amount of cystine present with the bases is
obtained from the content of the solution in organic sulfur. For this determina-
tion the L:ost accurate and convenient method is that based on Benedict's principal
of oxidation by ignition with copper nitrate (Journ. Biol. Chern. Vol. 6, Pp. 363,
1909). Van Slyke uses the modif ication of Denis (Journ. Biol. Chem. Vol. £, Pp.
U01, 1010). He finds that the oxidation is invariably complete, not a trace of
carbon or other insoluble matter remaining. He found consequently, that one can
safely proceed with the sulfur determination without first removing the barium
chloride present in the solution of the bases.
Ten cubic centimeters of the 50 cc. of the solution containing the b'-.ses ere
placed in a porcelain evaporating dish of 7 to 10 cm. diameter with 5 cc. of Denis
solution. The mixture is concentrated to dryness on the water bath, then gradu-
ally heated to redness and maintained at that temperature for some minutes, ss
directed by Benedict. The residue is dissolved in 10 cc. of 10 percent hydroehlor
ic acid, and the solutions diluted to about 150 cc. It is heated to boiling, and,
in order to make Bure that an excess of barium chloride is present, 10 cc. of a 5
percent solution are added. The barium sulphate is washed and weighed as usual.
Eacn i:.illigram of barium sulphate indicates 0.06 mg. of cystine nitrogen in the
portion of solution analyzed, or 0.3 mg. in the total solution of the bases. The
weight of barium sulfate obtained must be corrected for the amount of sulfur found
in the reagents by blank analyses. In the reagents used by Van Slyke the correc-
tion was 1.5 mgs. of barium sulfate. Reagents requiring a much larger correction
should not be used, as the cystine present often yields only a few milligrams of
barium sulfate.
The cystine actually present in the solution of the bases can be very accurate -
ly determined by the above method; for an error of l.t> mg. in the barium sulfate
weighed, which is as large a margin as duplicates usually differ by, introduces an
error of only 0.1 percent in the total percentage of cystine nitrogen calculated.
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As about half tiie cystine originally present is altered during the hydrolysis with
acids, however, and an amount containing 0.5 percent of the nitrogen of the protein
remains in solution when the bases are precipitated, the amount of cystine obtained
by the above method represents less than half that actually present in the protein.
The precipitate of the bases from proteins not unusually rich in cystine contains,
therefore, but a small proportion of its nitrogen in the form of cystine. This ex-
plains why the presence of cystine in the phos-jhotungstic precipitate has been
overlooked by most workers, with the exception of Winterstein (Zeitschr. f . physiol
Chem. Vol. 20, Pp« MRS (189$).
DETERMINATION OP THE AliINO NITROGEN OF THE BASES (CYSTINE, LYSINE, ARGININE,
AND HISTIDINE). Ten cubic centimeters of the 50 cc. of the solution containing
the bases are used for this determination, which is performed in the usual manner.
Because of relative slowness with which the epsilon- amino group of lysine reacts,
o
the determination must be continued for a half-hour at 20 , or for a somewhat
longer time if the temperature is lower. A bland determination of the reagents
must be run for the same length of time. Cystine gives off gas equivalent to 107
percent of the amount of nitrogen which it s iioiild yield, and therefore a correspond
ing correction for the cystine is to be made to the amino determination. Except
in proteins like the keratins, which are unusually rich in cystine, this correction
is negligible, however*
CALCULATION OF THE HISTIDINE. The non-amino nitrogen of the bases comes from
the arginine, which contains three-fourths of its nitrogen in a form which does not
react with nitrous acid, and from the histidine, which contains two-thirds of its
nitrogen in non-amino form. Therefore to calculate the histidine nitrogen, we
subtract three-fourths of the arginine nitrogen from the total non-amino nitrogen,
and multiply the difference by 3-2.
Or, letting D represent the total non-amino nitrogen of the bases (difference
between total nitrogen and amino nitrogen), ana Arg represent the arginine nitroger
determined as previously described, we have the fon.iula:-

lo
Histidine = 5-2 ( D - 3-M- Arg), or,
Histidine =s 1.66"7 D - 1.125 Arg,
The histidine figure is more liable to error than that of any of the other
three amino-acids of the basic fraction, because it is affected by error in the de-
termination of either arginine, total nitrogen, or amino nitrogen. In these de-
terminations errors of +1 percent would cause errors of
-1.125, +1.5, and -1.5
percents respectively in the histidine nitrogen. As, however, they can all be tier
formed accurately, there is no reason wiry fairly constant results for the histidine
should not be obtained. As a matter of fact Van Slyke's duplicates for histidine
usually agree within a percent.
CALCULATION OF LYSINE. The nitrogen of the other three amino-acids of this
fraction having been calculated, the lysine is obtained by difference. Or:
Lysine N = Total K - (Argine N + Cystine N + Histidine N).
At first signt it would appear that the lysine determination, since it involve i
the figures for all the other three acids of the fraction, suould be more subject
to inaccuracy than the histidine determination. This is not the case, however.
The accuracy of the lysine calculation depends chiefly upon that of the determina-
tions of cystine and the amino nitrogen of the fraction, which are usually very
accurate. An error of +1 percent in any of the four determinations made on the
bases would cause and error in the lysine nitrogen indicated by one of the followir j
figures: Amino nitrogen, +1.5 percent; cystine nitrogen, -1 percentf total nitro-
gen, - 1-2 percent; arginine nitrogen, + l-o percent.
DET ERMIIATION OF THE TOTAL NITROGEN IN T:;E FILVRATE FROi: THE BASES. To the
combined filtrate and wasnings from the phosphotungdate precipitate of the bases,
50 percent sodium hydrate solution is added until the solution turns slightly tur-
bid by precipitation of lime. It is then cleared again by addition of a little
a cetic acid. In adding the alkali, it is essential that the neutral point should
not be passed by more than a few drops, as otherwise a precipitate may form which
v/ill not redissolve. The solution is placed in a double-necked distilling flask
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and concentrated under diminished pressure until salt begins to crystalize. The
solution is then washed into a 150 cc. measuring flask and diluted up to the mark
.
Duplicate portions of 25 cc. eocn are taiien for Kjeldahl determinations. For
each portion one uses 15 grams of potassium sulfate, 35 cc. of concentrated sul-
phuric aoidj and .25 gram of copper sulfate. The sulfuric must be sdded carefullj
and under a hood, because of the vigorous evolution of hydrochloric acid gas. The
digestion is continued for three hours after the solutions have become clear. Under
taese conditions the phosphotungstio acid does not interfere at all with the ac-
curacy of the determination.
DETERMINATION OF AMINO NITROGEN IN THE FILTRATE FROM THE BASES. Ten cubic
centimeter portions of the filtrate are used for the amino determinations, which
are run in the usual manner for six to ten minutes. The volume of nitrogen gas
given off by a given amount of aaiino nitrogen is 2.5 times the volume of N-10
acid neutralized if the same amount is determined by the Kjeldahl method. There-
fore the portions (25 and 10 cc.) taken for total and amino nitrogen determina-
tions give results of similar accuracy. As 25-35 cc. of gas or a cid see usually
measured, with an error not, as a rule, exceeding 0.2 cc, the percentage error
of these determinations is small.
PTJRITY OF REAGENTS. Since some of the calculations are based on differences
between determinations, it is imperative tnat the latter shall be accurate. Everj
reagent used for either Kjeldahl or amino determination must be tested by blank
analyses, and a correction applied in case any nitrogen is detected. The accur-
acy of the standard solutions and apparatus used for both Kjeldahl and amino de-
termination should likewise be carefully checked by determinations performed on
pure substances. It is, of course, essential that pipetts, measuring flasks,
and burrettes should be calibrated.
CORRECTIONS FOR SOLUBILITIES OF THE BASES, The solubility corrections are
made from the following table, whioh can be applied directly when the bases are
precipitated in the prescribed manner from a solution of 200 cc. volume. It is
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true that; tile concentration of phosphotungstic acid left in solution, when the
bases are precipitated, varies somewhat with the amount of the latter, so that the
conditions of precipitation are not absolutely constant. It does not appear,
however, that the variation is sufficient to cause significant change in the solu-
bilities of the bases. When the latter are precipitated from solutions of greatei
or lesa volume than 200 cc, the solubility correction will, of course, vary in di-
rect proportion to the volume of the solution. The amount of nitrogen dissolved
from the precipitate by the washing, performed in the manner described previously,
is not, to judge from the control experiments, appreciable.
SOLUBILITIES OF BASES IN 200 CC. OF THE SOLUTION IN WHICH THEY ARE PRECIPITATED
Total N. Amino N. Non-amino IT.
(Add to the
individual bases
0.0032
0.003&
0.0005
0.0026
Arginine nitrogen
Histidine nitrogen
Lysine nitrogen
Cystine nitrogen
Sum (subtract from figures for filtrate)
0.000S
0.0013
0.0005
0.0026
0.0052
0.002H
0.0025
0.0000
0.0000
0.00*19
LIMITS OF ACCURACY OF THE DETERMINATIONS . The maximum and average differ-
ences found by Van Slyke between duplicates in analyses of gliadin, edestin, hair,
gelatin, fibrin, and hemocyanin are shown in the following table, expressed in
percentages of the total nitrogen of the proteins.
THE MAXIMUM AND AVERAGE DIFFERENCES BETWEEN DUPLICATES
Ammonia nitrogen
Melanin nitrogen
Cystine nitrogen
Arginine nitrogen
Histidine nitrogen
Lysine nitrogen
Amino nitrogen in filtrate from bases
Non-amino nitrogen in filtrate
Max imum
differ-
ence be-
tween du-
plicates
0.37
0.39
0.11
1.27
2.1H(0.93)
1.23
1.60(0.60)
1.20
Average
differences
0.12
0.20
0.05
0.73
0.79
0.61
0.63
o.6c°r
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The fflaxiiBum difference for the histidine (from edestin analysis) and that for
amino nitrogen of the filtrate (from hair analysis) are more than twice as great
as any other deviations found for these f igures in the series. The next largest
are given in parenthesis, and represent as large differences between duplicates
as are normally to be expected.
II. ANALYSIS 0? CORN
THE HYDROLYSIS . Weigh off 30 grams of the ground corn. Transfer to a 500
cc. short-necked Jena flask and add 200 cc. of 20 percent hydrochloric a cid . Con-
tinue the hydrolysis and the analysis as directed above for the analysis of tank-
age.
THE EXPERIMENTAL DATA
The data given will include besides the determinations on corn and tankage,
l
those on cottonseed meal, alfalfa hay, linseed meal, barley, wheat and blood meal,
l
Unpublished data from the Division of Nutrition of the Animal Husbandry
Department
•
Some of these analyses are incomplete. This additional data will give us a broad
er Yie-'/ of the differences in amino acid content of the feedingstuff s and will al-
low us to draw more definite conclusions and more extensive comparisons*
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From these data we can draw the definite conclusion that the Van Slyke method
for the determination of amino aoids can be applied successfully to feedingstuff
s
direct. Our results show that the materials other than protein in the feeding-
stuffs do not interfere with the determinations* The samples analysed have been
varied enough both in source and in composition to allow us to make the statement
that all our feedingstuff s can be analysed for their amino-acid content by the
Van Slyke method.
It is true that we have not been able to account for quite as high a percent-
age of the total nitrogen as has Van Slyke in his analyses of the isolated pro-
teins, but we feel very safe in saying that our losses are mechanical. Even
though the substances other than protein in the feedingstuff do not interfere with
the determinations, they may add difficulties in the manipulations which make
mechanical losses harder to avoid. Then again this greater deficiency may be due
in part to faulty measurements; that is, the use of pipettes for measurements in-
stead of burettes, faulty calibration, and so forth. Below is a table showing
l
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SUMMRY OF CORRECTED RESULTS IN PERCENTAGES OF THE TOTAL NITROGEN OF THE PROTEINS
Gliadin Edestin lair Uelatin Fibrin Hemocya- Ox Hen||-
(iog) nin oglobijfi
Ammonia N 25.52 9.99 10.05 2.25 S.32 5.95 5.24
Melanine N 0.S6 1.9& 7.42 0.07 3.17 1.65 3.60
Cystine N 1.25 1.49 6.60 0.00? 0.99 0.S0 0.00?
Arginine N 5.71 27.05 15.33 14.70 13.£6 15.73 7.70
Histidine N 5.20 5.75 3.4S 4.46T 4.*T3 13.23 12.70
Lysine N 0.75 3.S6 5.37 6.32 11.51 S.49 10.90
Amino N in filtrate 5I.9S 47.55 47.50 56.30 54.30 51.30 57.00
Non amino N of the filtrate 8T.50 1.70 3.10 14.90 2.70 3.S0 2.90
Sum 99.77 99»37 9&.S5 99.02 99.5^ 100.95 100.04
This table shows that Van Slyke recovered a total percentage of nitrogen
which closely approached 100 percent. The totals obtained in this thesis average
very close to 98 percent. It is of interest to note in this connection that Van
Slyke obtained his lowest percentage, 9S.85, on dog's hair whioh contains a little
material other than protein.
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The following table shows the maximum and average differences between dupli-
Bates whioh Van Slyke obtained in his analyses of gliadin, edestin, hair, gelatin,
fibrin, and hemocyanin.
Maximum Average
Unnonia N 0.37 0.12
telanine N 0.39 0.20
Jystine N 0.11 0.05
Irginine N 1.27 0.73
listidine N 2.14 0.79
Lysine N 1.23 0.61
taino N in the filtrate from the bases 1.60 0.63
Jon-amino N in the filtrate from the bases 1.20 ,68
On comparing these results with similar results from our tankage analysis we
rind that the differences are not significant. Under maximum differences our re-
mits are higher in ammonia and melanine nitrogen, and lower in all the others;
xnder average differences our results are higher in ammonia, melanine, and cystine
litrogen, and lower in all the others. These comparisons show that it is possible
to keep within the limits of accuracy which Van Slyke has set in his protein analy-
ses •
MAXIMUM AND AVERAGE DIFFERENCES FOUND BETWEEN DUPLICATES OF TANKAGE
Maximum Average
tamonia N 0.3S6 0.240
lelanine H 0.7i>2 0.42S
Jystine N 0.079 0.064
Irginine N 0.7S6 0.539
listidine N 0.637 0.439
Sysine N 0.7S6 0.572
Imino N in filtrate from bases 0.4#ST 0.350
Ion Amino II in filtrate from bases 0.434 0.270
IIS CUSS ION OF RESULTS EXPRESSED IN PERCENT OF THE TOTAL NITROGEN OF THE FEEDING-
STUFF
These data (see page 22) show the percentage of the total nitrogen of the
.'eedingstuff which falls in each class, or expressed in another way they show the
imino-acid makeup of the protein which the feedingstuff contains.
The following tnble shows the order in which the feeds fall in each class of
litrogen. Only those feeds which have at least one complete determination will be

considered. The range of variation will also be given.
Low Feedingstuff HighNitrogen
group!
Ammonia Tankage
Melanine Tankage
Arginine Corn
Cystine Linseed
Meal
Histidine Linseed
Meal
Lysine Corn
Alfalfa
Hay
Cottonseed Linseed
Meal Meal
Alfalfa Barley
Hay
Cottonseed Alfalfa
Meal Hay
Cottonseed Linseed Corn
Meal Meal
Corn Barley
2ff
Range
Barley 5.£99-17. 703
Corn
Barley
Amino H in
filtrate Cottonseed Alfalfa
from bases Meal Hay
Tankage
Linseed
Meal
Linseed
Meal
Alfalfa 3.8Tg2-14.75
Hay
Tankage Linseed Cotton- 7.&96-19.577
Meal seed Meal
Barley Tankage Corn 0.570-2.527
Barley Cottonseed Alfalfa 3.990-6.755
Meal Hay
Alfalfa Cottonseed Tankage 1.3S2-6 .040
Hay Meal
Barley Tankage Corn 43.314-56.129
Non-amino
N in fil- Linseed
trate from Meal
bases
Corn Cottonseed Barley Tankage Alfalfa 4.657-5.946
Meal Hay
It can be readily seen that the protein of feedingstuff s is exceedingly vari-
able in amino-acid composition. In the six feedingstuff s considered in the above
table we have a range of difference in arginine N of 12 percent; in melanine N, 11
percent; in arginine N, 12 percent; in cystine N, 2 percent; in histidine N, 3 per-
cent; i<i lysine N, 6 percent;in amino N in the filtrate from the bases, 13 percent;
and in non amino N in the filtrate from the bases, 4 percent. This range shows
conclusively that a pound of protein from one feedingstuff is not necessarily
equal in nutritive value to a pound of protein from some other feedingstuff. They
may differ so much in some of the essential amino nitrogen groups that one may be
capable of producing maintenance and growth while the either may not even be cap-
able of sustaining life. As a striking instance of this possibility we oan say
quite definitely from our present knowledge of the relation of lysine to growth
that a pound of protein from corn is exceedingly less valuable than a pound of pro-
tein from tankage.
In order to make a comparison of our results on feedingstuffs with Van Slykes 1
results on pure proteins we shall take tankage and fibrin. These two substances
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should be close enough in composition to make a comparison possible. By consult-
ing the data on page 22 and Van Slyke's data on page 26 we see that our ammonia is
about 'd percent lower than Van Slyke»s; our melanine, about l.M- percent higher;
our cystine, about 0.3 percent higher; our arginine, about 0.5 percent higher, our
histidine, about 0.2 percent higher; our lysine, about 4.*? percent lower; our amine
nitrogen in the filtrate from the bases, about 2 percent lower; and our non amino
nitrogen in the filtrate from the bases, about M-.5 percent higher. This favorable
comparison makes it that muoh more conclusive that the materials other than pro-
teins in the feedingstuf f s do not interfere with the Van Slyke methods.
DISCUSSION OF RESULTS EXPRESSED IN PERCENT OF THE FEEDIJJG-STUFF
These data (see page 2h) show the different groups of nitrogen as percentages
of the feedingstuff . It is from this viewpoint that the results will be valuable
to the feeder when enough data is available on the function of the individual amine
acids in nutrition to interpret these results.
The following table shows the order in which the feedingstuff£ fall in each
class of nitrogen. Only those feeds which have at least one complete determina-
tion will be considered. The range of variation will also be given.
Nitrogen Low Feedingstuff High Range
groups
Ammonia Corn Alfalfa Barley Tankage Cottonseed Linseed 0.19£-0.S25
Hay Meal Meal
Melanine Corn Barley Alfalfa Tankage Cottonseed Linseed 0. 135-0.5H3
Hay Meal Meal
Arginine Corn Alfalfa Barley Linseed Cottonseed Tankage 0.121-1.^2
Hay Meal Meal
Cystine Alfalfa Barley Linseed Corn Cottonseed Tankage 0.20-0.127
Hay Meal Meal
Histidine Corn Barley Alfalfa Linseed Cottonseed Tankage 0.070-0.506
Hay Meal Meal
Lysine Corn Barley Alfalfa Linseed Cottonseed Tankage 0.021-0.71^
Hay Meal Meal
Amino N in
the fil- Corn Barley Alfalfa Cottonseed Linseed Tankage 0.S55-5.2W
trate from Hay Meal Meal
the bases
Non amino N Corn Barley Alfalfa Linseed Cottonseed Tankage 0.0S9 -0.720
in the fil- Hay Meal Meal
trate from the bases
J
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This table roughly divides the six feeds considered into two classes: corn,
barley, and alfalfa hay; and linseed meal, cottonseed meal, and tankage. This
division of course oould be predicted from the total nitrogen content of the dif-
ferent feedingstuff s, but the significant fact brought out is that corn, for exam-
ple is low in all classes of nitrogen (cystine seems to be an exception but this
result is open to question) and especially low in some, lysine for instanoej while
tankage is high in all classes of nitrogen and especially high in some, lysine for
example. This helps to explain more fully why tankage is such a good supplement
for oorn; it is not only that it contains a high percentage of nitrogen, but it
contains iiigh percentages of those amino acids which the corn is especially defi-
cient in.
CONCLUSIONS
From the results which we have obtained, we can conclude without reasonable
doubt that the Van Slyke methods for the determination of amino acids can be suc-
cessfully applied directly to feedings tuffs.
The data obtained from such analyses will be especially valuable when the
function of the individual amino acids in nutrition is determined more definitely.
Unfortunately the lack of knowledge along this line allows only a very superficial
interpretation of our results, an attempt at definite interpretion would be ex-
tremely hazardous and of no value.
The data does bring out the fact very conclusively that the proteins of the
different feedingstuffs are very widely different from one another in amino-acid
oontent and present investigations in nutrition are rapidly adding proof that these
differences are especially significant and deserve much study and investigation.
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